normal during haemodialysis therapy and after renal transplantation. Background. The present study was designed to characterize early structural changes of large arteries in
geometry and function were examined in 35 asymtomatic renal transplant recipients and 29 age-and sexCardiovascular disease is a major cause of morbidity matched healthy controls by high resolution B-mode and mortality in patients after renal transplantation ultrasound and by echocardiography.
and one of the most important determinants of Results. Intima-media thickness of the carotid arteries long-term transplantation outcome [1] [2] [3] [4] [5] . Myocardial was significantly higher in renal transplant recipients infarction, hypertensive heart disease with ventricular (1.21±0.08 mm) than in healthy controls (0.74± hypertrophy and aortic arteriosclerosis are frequent 0.04 mm) (P<0.001). Atherosclerotic plaques were findings in renal transplant recipients. Moreover, cerebfound in the majority of renal transplant recipients rovascular disease is a common cause of morbidity (71% vs 14% in healthy controls, P<0.001). Left after renal transplantation [6 ] . The structural changes ventricular mass index was significantly increased in of large arteries and of the heart leading to cardiovasthe group of renal transplant recipients (264±13 g, cular disease begin many years before the onset of 146±7 g/m2) when compared with healthy controls clinically observable signs and symptoms [7] . By the (155±8 g, 83±4 g/m2) (P<0.001). Multiple regrestime clinical signs occur, arterial and cardiac alterations sion analysis in renal transplant recipients showed that are advanced and difficult to regress by therapeutic intima-media thickness of the carotid arteries was interventions. Early detection of structural changes of significantly related to left ventricular mass index larger arteries and the heart allows assessment of the (P<0.02), but not to age, blood pressure, body mass development of cardiovascular disease in asymptoindex, serum creatinine, cholesterol and lipoprotein (a) matic patients. High resolution ultrasound imaging has levels. In the group of healthy controls, intima-media emerged as an adequate tool to examine directly and thickness of the carotid artery was related to age quantify preclinical lesions in large arteries [7, 8] . It (P<0.002), but not to left ventricular mass index or has been shown that these newer ultrasound techniques the other independent variables.
can reliably identify the intima and media of arteries Conclusions. The present study documents pronounced and detect very early arterial lesions [8] . The presence intima-media thickening in asymptomatic renal transof intimal-medial thickening of larger arteries has been plant recipients. Atherosclerotic lesions are present in documented recently in haemodialysis patients [9, 10] . most renal transplant recipients with no clinical evidHowever, there is no information concerning the preence of cardiovascular disease. We observed a parallelvalence of preclinical arterial wall alterations in asympism between arterial wall thickening and left ventricular tomatic renal transplant recipients. We selected renal hypertrophy, although blood pressure levels were transplant recipients with no clinical evidence of cardiovascular disease and with normal blood pressure levels during haemodialysis therapy and after renal ultrasonography and to analyse the relationship thickness (IMT ) by high resolution ultrasonography; and between arterial alterations and those of the heart.
(iii) determination of left ventricular size and function by echocardiography.
Subjects and methods

Blood pressure measurements Subjects
Blood pressure measurements were based on three independent readings after the subjects rested in the supine position All normotensive patients who received a renal allograft for at least 10 min. Blood pressure was determined on the between October 1993 and December 1995 in our transplant arm without an arteriovenous fistula by sphygmomanometry unit and who fulfilled the inclusion or exclusion criteria were before ultrasonographic assessment. Phases I and V of enrolled consecutively into the study. Healthy control sub-Korotkoff sounds were taken as the systolic and diastolic jects were recruited from hospital staff. Thirty five renal blood pressure, respectively. Cuffs were adapted to arm transplant recipients and 29 healthy controls matched with circumference. respect to sex and age were included. Each subject gave informed consent. The following exclusion criteria were used:
Ultrasound B-mode Imaging coronary artery disease, heart failure, valvular heart disease, cerebrovascular disease, peripheral artery disease and diaImaging of both carotid arteries was performed in all subjects betes mellitus. Diastolic blood pressure was ∏90 mmHg with a realtime high resolution B-mode ultrasound system during haemodialysis therapy and after transplantation with-(Biosound 2000 II s.a., Biosound Inc., Indianapolis) equipped out antihypertensive therapy. The patients entered the study with an 8 Mhz linear transducer. This system provides images 58±5 days after successful renal transplantation (range of adequate quality to measure carotid artery wall thickness 37-139 days). Renal transplant function was stable (serum [7, 8, 11, 12] . The carotid arteries were examined bilaterally at creatinine 1.8±0.1 mg/dl ). Age ranged from 20 to 65 years the level of the common carotid artery (CA), the bifurcation in the patients and from 22 to 68 years in the control group. and the internal CA. The intima-media complex had to be Causes of end-stage renal disease were chronic glomerulolined out clearly in each carotid segment in a sequential nephritis in 18 cases, rapid progressive glomerulonephritis in manner. In a longitudinal B-mode image, three arterial two cases, chronic interstitial nephritis in two cases, polyinterfaces associated with both far wall (FW ) and near wall cystic renal disease in five cases, renal carcinoma in one case, (NW ) are present. The first echogenic line between arterial hydronephrosis in three cases and unknown in four cases.
wall and lumen is the intima-lumen interface, followed by Immunosuppressive drug treatment consisted of cyclosporin the media-adventitia and adventitia-periadventitia layer (the and prednisolone (5-15 mg/day). Cyclosporin whole blood second and the third interface). The distance between the trough levels were adjusted individually to 100-150 ng/ml first and second interface corresponds to the intima-media (HPLC method ). Blood was drawn in the fasting state for complex [8] . The visualization of these three interfaces in all routine laboratory analysis and lipid analysis. Serum total carotid segments from the anterior, the posterior and the cholesterol, triglycerides, high density and low density lipolateral angle is necessary to measure the maximum of the protein cholesterol levels as well as lipoprotein (a) were combined thickness of the intima-media complex (IMT ). In determined. All subjects had normal values for fasting blood each segment, the intima-media complexes of the FW and glucose, serum calcium and phosphate. Body weight (kg) the NW were recorded on videotape. The linear distance and height (m) were determined, and body mass index from the first to the second echogenic line was measured in (BMI=kg/m2) was calculated. The clinical and biochemical millimetres after 2-fold augmentation by an image analysis characteristics are shown in Table 1. system database ( KS 100, Kontron Elektronik, Munich). Subjects underwent the following assessments: (i) blood
The maximum thickness of the intima-media of all arterial sites and angles was evaluated. The mean of the IMT was calculated. Furthermore, each segment was scanned for heart cycles at the peak of the R-wave in the ECG. Left ventricular mass (LVM ) was calculated by using Devereux's formula [13] following the Penn convention: LVM (g)= Data represent the mean±SEM.
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1.04×[(IVS+LVD+LVPW )3−LVD] 3−14 g. LVM was indexed per square metre of body surface area (bsa): LVMI (g/m2)=LVM/bsa. Left ventricular volume (LVV ) (ml ) and LVV index (LVVI ) were calculated by using the formula (3.14×LVD3)/3 and LVV/bsa. Furthermore, relative wall thickness (RWT ) was calculated using the formula: RWT (cm)=2×LVPW/LVD. Fractional shortening (FS%), a measure of systolic left ventricular performance, was calculated from the Teichholz formula: [(LVD end-diastolic-LVD end-systolic)/LVD end-diastolic]×100. Echocardiographic continuous wave Doppler assessment of the mitral valve flow was performed to assess diastolic left ventricular compliance. The E/A ratio of early diastolic peak flow velocity (E) to late velocity with atrial systole (A) was calculated. In 10 patients, repeated and blinded measurements of IVS, LVD and LVPW were done for estimation of the intraobserver variability The coefficient of variation was <5.0% for all 
Statistics
without detectable atherosclerotic plaques (P<0.01). Statistical analysis was performed using the computer soft-However, considering renal transplant recipients or ware SPSS (Statistical package of social science, version 4.0, healthy control subjects without detectable plaques by SPSS Inc., Chicago, 1990 significantly higher in the group of renal transplant recipients than in the control group ( Table 2) . LVVI was within the normal range in patients, but was,
Results
however, significantly increased when compared with the healthy controls. Concentric left ventricular hyperRenal transplant patients and healthy subjects did not trophy with increased LVMI and increased RWT was significantly differ in age, gender, weight, height or present in 21 of 35 renal transplant recipients (60%). BMI ( Table 1) . Systolic, diastolic and mean arterial Left ventricular compliance assessed as early to late blood pressure were significantly higher in the group diastolic velocity ratio of the mitral valve inflow ( E/A of renal transplant recipients than in the control group ratio) was significantly decreased in renal transplant ( Table 1) . Total serum cholesterol, low densitiy lipo-recipients when compared with healthy controls protein cholesterol and triglyceride levels were significantly increased in the group of renal transplant ( Table 2) . No significant differences between the study Discussion groups were found for LVD and systolic left ventricular function evaluated by fractional shortening (FS%). The principal finding of the present study is proMultiple regression analysis in renal transplant nounced intima-media thickening of carotid arteries recipients showed that the IMT of the carotid artery in asymptomatic renal transplant recipients. Only renal was significantly related to LVMI ( Table 3, Figure 2 ). transplant recipients without signs of cardiovascular No significant relationships were found between IMT disease in routine clinical investigation and normal of the carotid artery and LVVI, age, blood pressure, blood pressure values during haemodialysis therapy haemodialysis period, serum cholesterol, lipoprotein and after transplantation were included into the present (a) and serum creatinine levels. In contrast to the study. Therefore, the data indicate that structural results in the group of renal transplant recipients, alterations of large arteries are common in patients multiple regression analysis in healthy controls showed after renal transplantation. Moreover, arterial structhat there was no significant correlation between IMT tural changes were associated with alterations of left of the carotid artery and LVMI ( Table 4) . However, ventricular geometry. The IMT of carotid arteries was a significant relationship was observed between IMT related to left ventricular hypertrophy in renal transof the carotid artery and age. No significant relation-plant recipients although blood pressure levels were ships were found between IMT and LVVI, BMI, normal during haemodialysis therapy and after renal systolic and diastolic blood pressure levels, serum transplantation. cholesterol, lipoprotein (a) and serum creatinine
There is controversy as to whether intima-media levels.
thickening reflects early atherosclerosis preceding severe lesions [14, 15] . In renal transplant recipients The present study shows that intima-media thickenregression coefficient.
ing and atherosclerotic plaques in the carotid arteries can be found in the majority of asymptomatic renal Table 4 . Stepwise multiple regression analysis in healthy controls transplant recipients. In autopsy studies, the extent (n=29) and severity of extracranial carotid and coronary atherosclerosis are strongly correlated [17, 18] disease affecting the cerebrovascular and the peripheral function result from loss of arterial elasticity, i.e. from disorders principally affecting the media of the arteries. vascular beds. It is important to note that the relationship observed in this study between IMT and clinically Ageing, chronic arterial hypertension and arteriosclerosis may be responsible. It has been shown that loss manifest cardiovascular disease could not be explained by differences in cardiovascular risk factors. After of arterial elasticity causing increased aortic input impedance is associated with increased afterload adjustment for cardiovascular risk factors such as blood lipids, blood pressure, smoking or diabetes, the imposed on the heart and with left ventricular hypertrophy (26). Arterial stiffness is a characteristic finding relationship between IMT and cardiovascular disease remained statistically significant.
in patients undergoing maintenance haemodialysis [27,28] and after renal transplantation [29] . There is Left ventricular hypertrophy is one of the most common cardiac abnormalities in patients undergoing evidence that the mechanical vessel wall properties of larger arteries are dependent on IMT [9] . Other factors maintenance haemodialysis and after renal transplantation [4, 5, 22, 23] . Moreover, left ventricular hypertrophy which are related to renal failure such as volume overload, anaemia and arteriovenous shunt could also is an independent factor related to the overall mortality in these patients [24] . Chronic pressure overload explain the observed parallelism between left ventricular and vascular wall thickening. These factors are or alterations of aortic input impedance determinants are principal haemodynamic factors leading to an associated with a high cardiac output state [30] , which could be responsible for left ventricular hypertrophy increased cardiac load and to left ventricular hypertrophy. Parallel cardiac and vascular adaptation have as well as intima-media thickening of large arteries.
In conclusion, the present study shows that the IMT been documented in patients with essential hypertension. Roman et al. demonstrated that left ventricular of the carotid arteries is significantly increased in asymptomatic renal transplant recipients and related wall thickness as well as IMT of carotid arteries was increased in patients with essential hypertension [25] . to left ventricular hypertrophy. We observed a parallelism of arterial wall thickening and left ventricular In our population of renal transplant recipients, blood pressure levels were normal. Multiple regression ana-hypertrophy although blood pressure levels were normal during haemodialysis therapy and after renal lysis in renal transplant recipients showed no relationship between IMT of the carotid artery and systolic transplantation. Atherosclerotic and arteriosclerotic vessel wall changes are present in most renal transplant and diastolic blood pressure levels. Although the crosssectional design of the study cannot definitely rule out recipients with no clinically observable signs or symptoms of cardiovascular disease. a role of previous blood pressure load, these findings raise the possibility of other influences. A haemo-
